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GREEK AND ROMAN ARTILLERY 

399 BC-AD 363 


INTRODUCTION 


Schramms reconstruction of 
the gastraphetés incorporated 
a steel bow, which is now 
considerad to be wrong. The 
manufacture of an authentic 
composite bow of this size 
was a highly specialised busíness 
that might have taken up to a 
year to complete. (Author's photo) 


The invention of the catapult 

The historian Diodoms Siculus writes that, in 399 bc, the catapult 
{kaíapeltihon) was invented under the patronage of Dionysius I, tyrant of 
Syracuse. However, Lhe weapon did not suddenly arrive out of the hlue, 
In a work entitled Ctosihms \ manufacture of missiie wmfmns (Ktésibiou 
Belopoiika), the Román engineer Hcron of Alexandria expíalos that the 
catapult was inspired by an earlier mechanical weapon, the l belly 
shooter* (gastraphetés ). Another author, Bíton, who is often unjustly 
discredited as a fraud, describes Ovo advanced fonos of the gastmphet¿s\ 
he credits these to Zopyrus, an engineer firom Tarentum in Southern 
Italy who may have been active towards the end of the 5th century bc. 
Developments ni ade hv Zopyrns brought lilis mechanical hand-weapon 
into the realtn of crewed artillery and allowed the development of 
the catapult. 



The gastraphetés 

In i t s o r i ginal fo rm, the gostraphetés c o n sis te d of a 
powerful composite bow, mounted transversely on 
a stock so that it vaguely resembled the later 
crossbow. It tnok its ñame, ‘belly shooter\ from 
the concave t est at its rear end, against which the 
archer braced bis stomach while drawing {or 
‘spanning’) the bow, The stock of the weapon 
comprised two fea tures that were crucial to the 
development of the catapult: the syrinx (or ‘pipe') 
and the diostra (*slider ! ). The syrinx was the body 
of the weapon; the bow was fixed to the front of it, 
the con cave re si to the rear. The d ¡ostra was a 
somcwhat shorter board, dovetaíled on top of the 
syrinx so that ii couid slide fonvards and backwards 
freely; attached to its rear end was a mechanism, 
which incorporated a £ claw r * for gripping the 
bowstring and a trigger to release it again. 

With ihe w r eapon at rest, the archer si id the 
di ostra fonvards along the syrinx un til the trigger 
mechanism fe 11 level with the bow-string, 
whereupon the ’claw' was engaged. Propping the 
front of the dios tro against an immovable object, 
such as the ground or a wall, the archer then 
brought his whole weight to bear on the stomach 
rest. The archer’s weight torced the diÓstra back 
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along ihe syrinx , pulling 
the bow-string with it 5 and 
thus spanning the bow. 

This was necessary because 
the bow was too powerful 
to be drawn by hand + 

With the bow at full 
draw, the weapon could be 
lifted into a firing position. 

This musí usually have 
involved prdpping it on a 
walh given the weight and 
bulk of the machine; oth- 
crwise, the archer would 
have required a portable 
prop, similar to those used 
by musketeers in the 17th 
century. It only remained to 
place the arrow on the 
dióstra, which had a ready- 
made groove cut along its 
full length. Pulling the 
trigger causee! the claw lo 
release the bow-string, thus 

firing the arrow. The whole process coukl tlien be repeated. 

The classicist Sir William Tarn believed that it was this weapon 
that Dionyskiss engineers had invented, an assumpdon with which the 
British se h o lar Eric Marsden underpinned his study of ancient artillery. 
However, the Germán artíUery offleer Major General Erwin Schramm 
prefened to take Dio do rus at his word when he placed the inven don 
of the ‘catapult* in the opening years of the 4th century. For Schramm, 
ibis was the fiill-blown torsión catapuh, ñor its composite bow-based 
predecessor. Títere is a third possibility, though, Biton actually calis the 


50cm 

_r 


Heron drew his description of 
the gastraphetés from the work 
of Ctesibius, who worked in 
Alexandria around 275 bc. 
Unfortunately, Heron omits atl 
measyrements, but as a hand 
weapon the gastraphetés was 
probably slightly shorter than a 
metre. (Author’s drawing) 



The trigger mechanism of the 
gastraphetés, mounted at the 
rear of the stider, On either sido, 
a pawl engaged with a linear 
ratchet to hold the slider in 
position and prevent it shooting 
forwards unexpectedíy. He re, the 
trigger can be seen wedged 
beneath the claw, forcing it to 
grip the bow-strlng, PuHing the 
trigger allowed the claw to flip 
yp, releasing the bow-string. 

(© O. Baatz) 




























gastmphetés -type machine a catapult’ (katapeltikon); ii Zopyrus or hís 
colleagues had presented this little-known weapon to Dionysius in 399 
ac, we can forgive ilMnformed witncsses for ímagining that it liad just 
been ínvented. 


Advanced bow-machirtes (Píate A) 

It certainly seems that bow-machines were known prior to 399 BC, Biton 
describes two machines designed by Zopyrus, ene at Gumae, perhaps in 
connectíon with the Sabeüían cOnquest of 421 ao, and the other at 
Miletus, probably prior to the Persian annexation of the town in 401 bc, 
The first, the socalled mountain gastraph-eiés, had a 5ft (L5m) stock and 
a 7ft (2.2m) bow; the second had a 7ft (2/2m) stock attached to a 9ft 
(2.8m) bow, and could apparenüy fire two missiles at once. Such 
unwieldy machines could never have been used as hand weapons. Quíte 
apart from the large dimensions and increased weight, the bows would 
have been far too powerful for spanning by body weight alone. However, 
Zopyrus incorporated two elemente that would eventually enable the 


This 11th/12th-century 
manuscript illustration of 
Zopyrus ’s gastraphetés shows 
the component parts from 
different angles. As with other 
manuscript drawings of Biton's 
machines, it rs difficult to 
identify any elements that may 
have survived from the author’s 
original diagram. (C. Wescher, 
Pofiorcétique des Grecs, 

París, 1867) 



leap to the tursión catapult: the winched pull-back systcin, necessitated 
by increasingly powerful bows, and the stand, which made hcarier 
machines practicable, 

In general, Biton’s text is seldom clear enough to support 
unequivocal interpretation, The design of the bow-machinéis stand is a 
case in point. The Miletus machine allegedly sat on a Ift-high (ü,3m) 

* pedestal’ (ba&ti), 9ft (2.7in) long by 3ft (Q.9m) wide, surmounted by a 
‘trestle with a height of five feet [l,5m]\ bul Biton later States that the 
tres tic measured 3ft (G,9m), Schramm believed that this statement was 
an error introduced by monks copyíng and recopying the Greek text 
down through the ages, and that Biton had originally specifíed a 5ft 
trestle with three feet; in other words, a tripod. 
But a 5ft tripod sitting on a lft pedestal would 
have made the machine over 2m high, placing the 
trigger out of reach above the gunner’s head, 
Schramm reásoned that Biton must simply 
have meant a tripod high enough to raise the 
gastraphetés 5ft above ground level. 

Besides the pedestal and the trestle, Biton 
mentions ano ther eleinent in bis description of 
the Miletus stand: a 2ft-high (0.6m) vertical pillar, 
placed centrally on the pedestal, Schramm 
had already departed from Biton's description, 
visualising the trestle with a tilt-and-swivel bracket 
on top, which he fixed to the gastraphetés just 
behind the bow This arrangement left the rear of 
the weapon unsupported, so Biton’s pillar was 
shifted back along the pedestal. 

When Marsden carne to analyse the same text, 
he attempted to rat ion alise Biton's measurements 
by suggesting that the tripod ’s legs were each 5fl 
long, bul were excessively splaved on a peculiar 
Y-shaped base. He resto red the vertical pillar to 
tlie mid-poini of the base, where it functioned as 
a central support for the tripod, but he re-tained 
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Schramm’s tilt-and-swivel 
bracket, which he, too, 
attached to the front of 
the gmtrapheiéSy near the 
bow, This was essentially 
Schramm’s design, ni i ñus 
the rear pillar. But, having 
removed this rear pillar, 

Marsden was ubbged to 
invent a strut to fnlfil the 
same function. 

It is worth noting that 
Biton does not mention a 

tilt-and-swivel bracket in connection with ihe Miletus machine, ñor does 
he mention a rear strut. However, bis ínstructions for the Cumae 
machine (the so-called motíntain gastmphetes) add an interesting item. 
flere, from the outset* he refers to two trcstles - a 5-footer (1.5m), 
equipped with a ‘bowl-shaped bracket 1 (agkdna hatera) , and a S-footer 
(0.9m) - boih sitting on a lft-thick (O.Sin) pedestal. As with the Miletus 
machine, Schramm re ason ed that the main trestle of the mountain 
gastmphetes should be high enough to raise the stock 5ft above ground 
level. Similarly, he envisaged the seeond trestle Holding the rear of the 
weapon 3Ft off the ground, thus imposing a peculiar angle of rest on the 
stock, which he claimed was beneficia! to the winch opéralor. Finally, he 
interpreted the enigmatic ‘bowl-shaped bracket 1 as the saíne tilt-and- 
swivel joint that he had addcd to the Miletus machine. Again, he 
fastened this bracket to the gastmphetes near the front of the syrinx, 
although Biton specifies aposition 4ft (1.2m) ‘from the face [prnsópon]'. 
Schramm argued that this meant 4ft from the from of the diostra when 
fully extended beyond the syrmx. 

Marsden seized on the 'bowl-shaped bracket 1 as a precursor to the 
torsión catapulté karchésion, wluch lie translated as ‘universal joint’. This 
was a tilt-and-swivel mechanism, expressly linked with the elevation and 
traversing of the catapult in Heroifs Belopoiika. But Biton gives no 
indicador! that bis bow-machines were intended to perform in the same 
way. Marsden also believed that the two bow-machines 1 stands were more 
or less the same. For example, he interpreted tile rear ‘trestle’ of the 
Cumae mountain machine 
as a strut, like the one he 
had added to the Miletus 
machine; but he could not 
fashion a Y-shaped base- 
platform out of the shorter 
Cumae measurements (5ft 
by 3J4ft/1.5m x l.lm). 

The re is no neat sol¬ 
ad on to diese problems, 

Although Schramm’s recon- 
structions have an elegant 
functionalicy, this has been 
achieved at the expense of 
accuraty. Equally, Marsden ’s 


Schramm '5 interpretaron of 
the Miletus gastraphetés results 
in a solid, workmanlike machine, 
but he departed from Biton’s 
description ¡n several key 
areas. The raised block that 
can be seen on the slider is 
perforated to guide the twin 
arrows, (Author's drawing, 
after Schramm) 


Marsden f s interpretalien of the 
Miletus gastraphetés i a very 
similar to Schramm's, except for 
the stand. Here, the three legs 
are splayed, two to the front and 
one to the rear, on a Y-shaped 
base; an additional strut is 
required to support the stock of 
the machine. (Author’s drawing, 
after Marsden} 



















































frequent departures from the text were criticised as ‘high-handed’ by 
the Danish scholar Aage Drachmann. The addition of the tilt-and-swivel 
joint is particularly problematic, as ii may not be the same as Biton’s 
‘cup-shaped bracket’ and, even if it is, should apply nnly to the 
moun tai n gastraphetes. 


Early artillery fortifications? 

Prior to bis death in 367 bc, Dionysíus of Syracuse had enjoyed over 30 
years of friendship with Sparta, and had latterly made over tures to 
Athens. There are a few bints that* perhaps as a result of these links, news 
of the bow-machine had travelied to mainland Greece. In particular, a 
‘catapult arrow’ (katupeltikon helos) was apparenüy displayed at Sparta 
around lilis time, to üie general dismay of the observers. However, the 
literary accounts of ihe period carry no reportó of the bow-machineuse- 
Consequently, scholars have tumed to archaeology to tlll the void, 
claiming that fortifications erccted in central Greece in the mid-4th 



A tower from the fortifications 
at Aegosthena, thought to 
have been built by the 
Athenians around 343 bc. 

The top floor is often said to 
have accommodated catapulta, 
because it has three Windows 
(approx. 0.6 x 1.1 m) per side. 
(A. W. Lawrence, courtesy of 
the Conway Library, 

Courtauld Institute of Art) 


century show signs of having been designed for bow-machines, 

Marsden had already rcasoned that the presence of shuttered 
Windows, as opposed to arrow slits, in the upper storeys of towers 
indicated that they were designed for catapultó. Developing ibis theme, 
the American historian Josh Ober re-dated several Theban and Athenian 
towers Lo the 360s rí:, and linked thcm with the deployment of 
bow-machines. Basing liis theory on small weapons with 634ft (2.0m) 
stocks and 514ft (L7m) bows, he found that the average chamber size oí 
roughly 5.5m 2 could accommodate two of these. But, besides making an 
unimpressive artillery battery, two machines are far fewer than the 
number of Windows would suggest. 

The great córner tower of the Athenian fort at Aegosthena, dating 
from 343 BC, is exceptional in this regard; the generous provisión of 
Windows in ihc 7,5nr upper chamber suggested to Marsden that it was 

designed for artillery, Rut, 
if so, it would seem to 
liave been poorly planned, 
for only two of the three 
Windows on each si de can 
bc used by bow-machines, 
the third window being 
obstineted by the mach¬ 
ines on the neighbouring 
walh Equally, deploying 
catapults sorne 53 ft (16m) 
above ground leve! may 
not have been the hest use 
of such machines* and ihe 
i :ow e r ’s e x t re m e h e i gh t 
was probably to facilítate 
1 o n g-ra n ge s u rveil lance, 
Of course, when under 
attack, archers and other 
missile troops would surely 
have made full use of 
the Windows. 
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THE ARROW-FIRING CATAPULT OF 
THE GREEKS 


4th-century developments 

The major advance in eatapult design involved ihe repiad ng of the 
composite buw with a pair of torsión springs. If Dionysius’s engineers 
really did make a technological breakthrough, it was surely thís. 
However, it musí have taken years of nial and error to arríve at the 
optímum design. Heron emphasises this for Román readers in his 
edidon of Gtesibius’s 300-year-old work: l You should know that the 
codificatidn of measurements carne from actual experiment. Earlier 
engineers, who had only shape and plan in mind, were not well known 
for the ñring of their missiles, because tliey used unsuitable proportions* 
Thosc who carne after, by reducing some elements and increasíng others, 
brought harmony and efficiency to the devices I am spcaking about.’ 

Dionysius allegedly fielded ‘catapulte ofall kinds\ which presumably 
included ihe gastraphetés and the difieren t varíeties of bow-machine, 
alongside any experimental torsión machines that may have existed. 
Oddlv, after reportíng that Dionysius used the katapdtikon lo great effeci 
in his siege of Motya ín 397 bc, Diodorus makes no mention of the 
weapon in the tyrant’s subsequent tampaigns* It seems unlikely that the 
bow-machines suddenly disappeared, and they surely continued in use, 
at least until the full flowering of the eatapult made them redundant. 

The new torsión weapon does not secm to have reached fruition 
until the middle of the 4th centur)', Catapults (kaíapaílai) are briefly 
mentioned in the Siegecmft (PoUorkétika) of Aeneas Tácticas, a treatíse of 
roughly 350 bc written from the dcfenders* point of view, but they are 
ñnnly installed in the besiegers 1 mobile towers. Likewise, in the wealthy 
and progressive city of Athens, matine training in the use of catapults 
was not introduced until the 330s se, a date ai which evidence begins to 
accrue for the storage of these weapons in and around the city* By that 
time, the torsión eatapult had already appeared elsewhere, and scholars 
have assumed that its testing ground was Macedón, kingdom of Philip II 
and his son, Alexander the Great. 

It is true that catapults became a regular fixture in Alexander'’s siege- 
train, but we know of only one occasion when they were definitely used by 



The spring-frame iptlnthlon) of 
an arrow-firing eatapult was 
designed to hold the fwo 
torsíem-springs under extreme 
stress- The syrínx fitted ¡rito 
the gap between the two 
springs, forming a window 
{díoptra) up above, through 
which the gunner could take 
his alm. (Author's drawing) 
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his father. In 340 bc, at Perinthus in present-day Turkey, Philip deployed 
80-cufok (37m) siege-towers and rained arrows down onto the battlements 
from ‘many arraw-firers of difierent kinds\ The Perinthians, for their 
pait, received catapults from their al lies in nearby Byzantium, and when 
Philip attempted simultaneously to besiege dial town, he overstretched 
himself and had to withdraw from both. Some years earlier, while 
besieging Methone in northem Greece, he had lost his right eye to an 
arrow, but the tale that it was fired by a catapult is a later íabrícation. 

Ir musí be admitted that the argument linking Philip vdth the 
development of artillery is a Hule threadbare, bul at least he is known to 
have been an enthusiastic patrón of military engineering* Polyidus Lhe 
Thessalian and his apprcntices, who developed the siege-towers and 
battering rams for the king (see the companion volume to this tille, New 
Vanguard 78: Greek and Román Siege Machmery 399 RC-AD 363\ Oxford: 
Osprey, 2003), may wdl have been involved in perfécting the torsión 
catapult- 


The túr&iort-spring of a catapult 
was formed by repeatedly 
feedmg a length of haír- or 
sinew-cord through the 
cross-pieces of the spring-frame. 
At each end of the spring, the 
cord ran through the washer, 
tVround the lever, and back 
through the washer. (© D. Baatz) 



The arrow-firer »n the 3rd century (Píate B) 

The rules for conslrucung a serviceable torsión catapult appear to have 
been standardised by around 280 bc, if not before. In the later 3rd century 
BC, a Byzantine engineer natned Philon wrote about artillery and siegecraft 
in his Mechanicat mcyciopedia (Mechanike syniaxis). He indicates a lengthy 
developmemal process, which resulted in the codifícation of a set of rules: 
'others later theorised from earlier mistakes and, from subsequent triáis, 
observed a standard element which would re p re.se nt the basic principie 

and lhe method of setting 
about construction/ He 
placed Lilis major break- 
th rough at Alexandria. 
Although the crucial date is 
not given, his referente to 
research being sponsored 
by ‘ambitious kings’ sug- 
gested to Marsden that the 
period in quéstion spanned 
the reigns of Ptolemy I 
(reigned 323-283/2 bc) 
and Ptolemy 11 (283/2-246 

BC). 

During the latter’s reign, 
the ni echan i cal genius 
Ctesibius rose to promi¬ 
ne íice. Although he left no 
writings, he is often mei> 
doncel by later engineers. 
Indeed, it was a summary of 
his work on artillery that 
Heron published during 
the reign of Ñero (c ad 60 ), 
Philon even claíms to have 
interviewed men who knew 
Ctesibius and were familiar 


lever (iron) 
washer (bronze) 

frame (tímber) 


— elastíc rope bundle (sinew or hair) 


— catapult arm (tímber) 


— counter-plate (bronze or ¡ron) 

— tenon (iron) 



























with his machines, Bul it would seem that artillery construction had 
long since heen standardiscd by his day, tes he felt at Uberty to explore 
new developments, such as the compressed-air catapult and the brunze- 
spring catapult (neither of vvhicb seems to have heen put to militar)' u.se). 

The design of the arrow-firer: the sprlng-frame 

Whereas the gastraphetés derived its power from a composite bow, the 
catapult used a pair of vertical torsion-springs. Each spring took the forra 
of a skein oí hair- or sinew-cord, held under tensión in a wooden frame; 
a solid wooden arrn was inserted through each skein. In order to emulate 
the action of a bow, the ends of the outward-swinging arras were 
connected by a bow-string. The action of pulling this string ('spanning' 
the catapult) drew the arras back and twisted the skeins; on release, they 
sprang back into position. 

The wooden frame that replaced the bow of the gastraphetés-type 
machine followed a standard design described by botb íleron and 
Philon. Four uprights, arranged in two pairs to straddle the stock of the 
catapult, supported a top and hottom cross-piece {peritreton). Each tross- 
piece had two large holes bored through for the torsion-springs, and a 
swivclling bronze washer (choinikis), with a horizontal iron lever (epizygis) 
on top, sat in each hole, 

Each torsion-sprintg consisted of a single length of hair-or sinew-cord, 
threaded through the washers in the frame and around the levers to 
forra a tight skein. Every time the cord was fed through, it was pulled 
tight nn the windlasses of a sepárate machine called a stretcher 
(enlonion) until it had lost a third of its diameter; the experienced 
engineer checked by plucking it and listen i ng for the corred musical 
note. The whole tedious process was continucd until no more cord 



Plaster cast of the so-called 
£ Cupid Gem 1 , perhaps dating 
from the 1 st century bc. Cupid is 
operating a two-handed wínch to 
span the catapult. A ratehet- 
wheel and curved pawl are 
plaínly visible on the side of the 
machine, and the pull-back rope 
can be followed up to the trigger 
mechanism. The four washers 
are prominent, but the springs 
are obscured by a large insect, 
which Cupid appears to be using 
in lieu of an arrow. (© Deutsches 
Archáologisches Instituí, Rome) 




t 


Reconstruction of the catapult 
from Caminreal (Spain). The 
stand follows Schrsmm’s design. 
The spring-frame ind¡cates a 
slightly undersized 3>:-span 
machine, designed to tire 
arrows around 80cm long. In 
tests, Schramm’s 4-span catapult 
reached 370m, but the effects 
of wínd-drm and air res i atan ce 
make rangos in excess of about 
150m militarily undesirable tor 
the arrow-firer. (© D. Baatz} 



could be forced through the washers. Philon complains that, if a spring 
broke, fitting a new one was verv time-consuming. He also points ont 
that the springs tended to lose their elastícity through prolonged use of 
the catapult, hut could be temporarily tuned up by twisting the washers. 

For the bow-arms, a tape ring piece of solid wood was stuck through 
the middle of each torsion-spring, so that its thick end (the pierna, or 
heel) was gripped by the skein and its thin end stuck out to the stde, The 
J movement of the arms w r as limited by the placement of the spring-frame 

uprights. In particular, when the catapult was fired, the heels tended 
to crash against the inner uprights; so the farther back these could be 
positioned, the better, in order to increase further the arms’ movement 
and maximise the torsión effect* At the same time, a semicircular recess 
was cut in the cúter uprights, to accommodate the forward swing of the 
arms. Of course, it was not in tended that the arms would hit these cúter 
uprights, as this would surely cause them to crack: in fací, ideally the 
bow-string itself would hall the arms' spring, absorbí ng in the process any 
residual energy from the shot. 

Greek engineers envisaged each torsion-spring as a cylinder, for 
which they strove to find the optimuin dimensions, As they attempted lo 
develop a universal rule, they realised that their calculadons were 
dependen i upon the síze of arrow that the catapult was expeeted to fue: 
higger, heavier arrows would naturally require a more powerful catapult, 
and henee larger springs, Eventually, it was agreed that the best results 
carne from a spring whose height was approximately 6,5 times its 
diameter, and that the diameter should be one-nimh of the proposed 
missile’s length. 

He ron explains that the size of every compon en t in the catapult 
was laid down as a múltiple or a fraction of 'the diameter [diámetros] of 
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the hole which takes the spríng’; or, in othcr words, the inner di ameter 
of the wasfaer, In short, the size oí the washer was directly relatad to the 
overall size of thc. 1 catapult For example, a machine designed to fire 
an arruw three spans (69cm) in length had a diámetros of four daktyls 
(69 t- 9 = 7.7cm), which tlius became the basic unit of measurement for 
the entire catapult: the spring-frame, being 6)4 units wide (the length of 
the peritréton) and 5J4 units high (the height of the uprights plus the 
fhickness of the two pelitreta ), was 50cm x 42cm for this size of catapult; 
the wooden arms t at 7 units long, were 54cm; and so on. 

The design of the arrow-firer: the stock and stand 

The stock of the catapult comprised the same arrangement of pipe and 
slider, familiar frorn the gastraphetés, and incorporated a rear-mounted 
winch, like the udvanced bow-machiñes. Heron explains that ‘the whole 
de vi te must be raised up on a base, so that the pull-back becomes easy to 
man age, and must be traversed as requircd and elevated, so that after 
placing the míssile, haviiig aligned it to Lhe target, we may release the 
bow-string.' 

He recognísed that, prior to firing, the gunner might need to fíne- 
tune his aim, so thejunction between catapult and stand had to permit 
the traversing and the laying of the stock al difierent angles. This was 
achieved by means of a compon en t called the karckision t a tilt-and-swivel 
joint also fonnd on cranes. Basicallv, a U-shaped bracket gripped the 
syrinx of the catapult, and a horizontal axle was driven through, pinning 
the syrinx in such a way that it could be lilted up and down; at the same 
lime, the bracket was Fixed to the stand by a vertical pin that allowed the 
catapult to stviveL The point of attachment must have been fairly near 
the front of the syrinx, cióse to the spring-frame, in order to preserve the 
machinéis balance. 

The stand that Heron describes was suitable for all arrow-fírers, and 
comprised three elements: a VA cubit (0.69m) vertical pillar (styliskos ) , 
set up on a three-legged pedestal (basis Iriskeles ); a long, diagonal 
‘counter-stay* (antémdion), with one end hinged to the rear of the 
main pillar and the other resting on the ground; and a vertical ‘prop’ 
( ampaustéria ) , hinged halfway along the counter-stay, in order to 
support ihe stock of the catapult. 

The only other description of a Greek arrowTirer’s stand occurs in 
connection with a special machine called the ‘rnany shot’ {polybolos), 
devised by a certain Dionysius of Alexandria. For this machine, Philon 
reporta that l an upright was made with a hexagonal pillar, along whose 
sities, at equal intervals, small beams were fítted, on which the pillar 
stood, as if on a platform; the small beams were nailed through from 
below; and the small beams were interconnccted by cross-pieces, just as 
tripods are bv their framework/ 

SchramnFs intcrpretation of Heron s stand is now familiar from 
virtually every reconstruction that has ever been made. Three groimd- 
joists (Philon s ‘small beams’) extended radially from the base of 
a hexagonal pillar, For increased stability, Schramm added three 
supporting legs, which lie borrowed from the work of Vitruvius, a Román 
engineer writing in the 20s BC. The combination of Heron’s ‘counter-stav’ 
and ‘prop’ supported the catapult stock during the spanning process. For 
aiming and firing, the prop was folded down onto the counter-stay, 
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A selection oí washers from 
Ephyra {Epirus). From top left: 
row 1 shows a pair of type 4 
and a patr of type 2 washers; 
row 2 shows the pair of type 7 
and the pair of type 5 washers- 
row 3 shows a ratchef-wheel 
for a windlass and the trny type 
6 washer; and row 4 shows a 
pair of type 1 and a pair of 
type 3 washers. One of the 
type 3 washers still has a 
{badly corroded) lever ín 
place. (© D. Baatz) 


leaving the stock in the hands of the gunner In general, Schramm’s 
versión of the stand is perfecüy functíonal, and was adoptad by Marsden 
with only minar alterations. 

The design of the arrow-firen the washers 

The main charaeteristic of the torsión catapult was the set of four bnmze 
washers (choinikides), which sat in the spring-frame, As they were chíéfly 
dtsigncd to hold each spring’s iron levers ( epizygides) firmiy in place, tlie 
design incorporated two rectangular notches on opposite sirtes of the 
upper rim. Equally, sínce they would be turned in order to squeezc more 
torsión out of the spring, they were circular, and a ridge prqjected 
undemeath to slot into the spring-hole in the peritréton . Finally, so that 
the washer would not slacken off after turning, it incorporated a locking 
device on its widc lower flan ge, 

Their dístinctive shape lias led lo the discovery (or belated rccognition) 
of around 50 washers, usually as the only surviving vestí ge of die o th envise 
wooden machine, One pamcularly ímportant collection comprases 21 
washers, sealed in the destruction of a íbrtified farmstead in Epirus in 
north-west Greece. The lengthy chronology of the site, stretching from the 
4th century down to the Román devastation of the area in 167 bc, gives us 
an extraordinary insight into ihe development of ihe catapult, for the 
washers show a clear typological sequenee. 

The washers fall naturally into seven types, so that at le así seven 
different machines could have been prese ni. Alongside the variations in 





THE EPHYRA CATAPULT WASHERS 


Type 

Number of 

washers 

present 

Average inner 
diameter (cm) 

Corresponding 

arrow-length 

Approx. size of 
catapult 
(length x width) 1 

1 

4 

8.4 

2VSft (0.77m) 

2,1 x 1.2m 

2 

4 

8.3 

2m (0.77m) 

2,1 x 1.2m 

3 

4 

13.6 

4ft (1.23m) 

3.4 x 1,9m 

4 

4 

6.0 

1 ft + 1 span (0,54m) 

1.5 x 0,9m 

5 

2 

7.5 

3 spans (0.69m) 

1.9 x l.lm 

6 

í 

3.4 

Ift (0.31 m) 

hand-held 

7 

2 

5.6 

1 ft + 1 span (0.54m) 

1.4 x 0,8m 


* Approximate síze of machine taken as 25 diametroi by 14 diametroi 


diámetros (inner diameter), there are also variations ín the height of the 
washers, relative 10 their diameters. h has been suggested chai the 
earliest washers were shallow and smoothly curved, and that washer 
profiles graduatly deepened over time, But it is the style of locking de vi ce 
that shows the dearest development, 

One set of washers (type 1) displays ratchet teeth around tlie flange, 
probably designed to lock with a pair of pawls fixcd to the peritreton. 
í lowever, the system must have proved un satis factor); as the washers were 
later adaptecl by eutting four rectangular notches into their ílanges. In 
chis, they resemble a second, similarly sized set of washers (type 2), each 
exhibí ti ng six, evenly spaced notches. It seems that these used the simpler 
method of lining up one of the notches with a hole in the peritréton and 
driving in a rectangular peg to stop the washer tuming. But there must 
have been a dangcr that the heavy torque produced by a highly tuned 
torsion-spring would cause the pin tojump outof the notch. 

The remaining five sets of washers display an altogether more trust- 
worthy locking method. In Lhese, the flange was perforated with a series 
of pin-holes. The largest washers (type 3), whose shallow profile suggests 



lOcm 


Two of the 27 socketed 
projectiie-heads found at 
Ephyra (Greece). The larger 
one weighs approximately 50g, 
the other approx. 4Qg; other 
lighter examples were also 
found. The artiltery scholar 
Oietwulf Baatz has suggested 
that these examples belong to a 
Jight catapult» perhaps a 3-span 
or 2 , -footer. (Authors drawing) 
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Eight bronze washers, 
represen ti ng two differently 
sized catapults of the 1 st 
century AD, were found near 
Cremoná in 1667. This oné 
betón gs to the larger catapuff. 

Its inner diameter of 3-9cm 
suggests an arrow-length of 
0 . 8001 * which conforma to no 
standard Román measurement, 
The associated le ver incorpora tes 
a thíckened mid-seotion, 
buttressing it against the 
¡nner wall of the washer; 
this peculiar design is 
unparalleled. (© O. Baatz) 


that they lie al the begirining of this new development, were provided 
with eight boles; one of the smaller sets (type 7), with a relatively 
deep profile, had only four. However, this does not mean that diere 
were only four posiüons at which the washer could be pinned. Heron 
te lis us that each washer sat on a metal counter-plate ( hypothema) to 
prevent ii digging into the wooden pmtvéton , and ibis component would 
have had íls own configura ti on of boles. The only example from Ephyra, 
which seems to fi t the type 7 washers, appears to have had nine lióles 
arranged arourtd its circumference; thus, at any gíven moment, there 
was a hele in the washer within iü degrees of a counter-plate hule. 


THE STONE-PROJECTING CATAPULT 
OF THE GREEKS 


Early developments 

It seems that the first torsión catapulta were designed to fire only arrows. 
The catapults associated with Philip of Macedón were specifically 
katapeUai oxybeleis, ‘caiapults for sharp missiles’; in otherwords, arrowTirers. 
h was Alexander who pioneered the use of katapeUai petroboloi, l sione- 
prqjecting catapulte \ in siegecrafi; at ibis early stage of development they 
were probably fairly lightweight machines. Yet, only 30 years laten 
Demetrius Puliorcetes was able to deploy monstrous machines designed to 
dirow stones weighing 3 tálente (78kg). 

However, we should bcware of ínterpreting every stone-throwing 
incident as evidence of ihese complex and expensive machines. In the 
ancient world, there w r as a long tradition of combátante throwing stones 
hy hand, but it is usually clear from the context whether men or machines 
were intended. For example, the Ph ocian general Onomarchus is said 
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to have deployed alone- 
throwing troops on a 
hilltop to pelt Philip’s 
Macedón íans on the plain 
below with rocks. Our 
source for this anee dote, 
the Antón i nc philosopher 
Polyaenus, uses the Word 
peí roboloi, 1 s te >ne t h rowers ’, 
which has frequently led 
to misimerpretaiion. 



The design of the stone-projector: 
the spring-frame and stock 

The he avie r stone projectile required some modificado n of the original 
arrow-firing design. Heron explains ihat the fíame of a stone-projector 
consisted of tw r o sepárate torsion-springs, each with its own pair of 
upríghts, an upper and lower peritreton, and a pair of washers and levers. 
The two separare units were then joined together by extra woodwork, 
and the gap in between, for the stock of the catapult, was reínforced 
by a plank called the trapeza (table). 

The re was a good re ason for constructmg the stone-projector s trame 
in this way. Engineers strove lo increase the are through which the 
catapulté arms recoi led, in order to extraer the máximum power from 
the torsion-springs, The socalled ‘euthytone* design of the arrow-firer, 
whereby a single, rectangular peritreton held the springs side by side s 
allowed a recoil of only 35 degrees. However, replacing this with two 
rhomboidal peritréta allowed the uprights to be offset, effectively tuming 
ihe springs away from one ano then An angle approaching 50 degrees 
could nowhe achieved. This design was given the ñame ‘palinione 1 . 

Philon tcils us that, according to Alexandrian and Rhodian engineers 
(who appear to have been the experts), the ideal stone-proj actor's 
springs were roughly nine times as tall as their diame ten As with the 
arrow-firer, this diámetros, again corresponding to the inner diame te r of 
the w r asher, was the key dimensión for constructing the rest of the 
catapult, For exampié, the 9-diameter-high spring was achieved by 
making the ürnher uprights 5!4 spring-diameters high, the top and 
bdttom peritréta 1 diámeter thick, and the washers X diameter high. 

Along with the change in spring-frame design went a chánge in the 
design of ihe stock, in place of the synnx f the stone-projector had a 
dadder' (kíimax), which overlapped the trapeza to créate a firm bond 
with the spring-frame, Weight was probably the issue in a machine that, 
even al lighter calibres, w r as already bigger than most arrow-firers. The 
structure was further braced by two struts (the antéreides) running 
obliquely from the top of the spring-frame towards the rear of the 
klimax. In place of the dióstra, Philon mentions a component called the 
dittle turtle 1 ( chelónion ); naturally* given the na ture of the missile, the 
groove along the cheldnion had to be wider than the equivalen! feature 
on the arrow-firer’s dióstra. Similarlv, the bow-string most have taken the 
forni of a strap, at least in the middle wiiere it carne ínto contact with the 
missile; curiously, Biton is the only anthor who calis atiention to ibis fací, 
cali ing the component a sphmdoné (sling) rather than a mura (cord). 


Viewed from above, the sepárate 
rhomboidal peritréta oí the 
stone-projector can be seen, 
held In posítion by a rectangular 
framework. The technlcal term 
for the machine, pallntonos or 
‘bent spring', probably refers to 
the way In which the two springs 
have been turned away from one 
another to increase the angle of 
arm recoil, (Author’s drawing) 
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The manuscript illustration 
of HerorTs stoñe-protector 
demónstrales the peculiar 
conventlon (troquently 
ene o unte red ¡n ancient 
engineering texts) of 
combíning severa! viewpolnts 
in one diagram. The artist 
has attempted to show a 
perspectiva uiew of the 
spríng-trames, superimposed 
on a pian of the catapult stock, 
whose laddered construction 
can clearly be seen, The 
rear-mounted windlass is 
shown in side elevatíon. (C. 
Wescher, Poliorcétique des 
Grecs , París, 1B67) 



The design of the stone-projector: the washers 

We have seen, in the context of the arrow-firer, that the catapult was 
always tailored to ihe sizc of missile, TI i is rule applied equally to the 
stone-projector. But t where the arrow for a particular arrow-firer was 
simply nine times as long as the spring-diameter, the relationship 
between the stone-projector and iis intended missile was more complex, 
and can only have alisen after years of trial and error. 

First, the craítsman planjling to buüd a stone-projector had to 
muldply by 100 the weight of bis intended missile, in minas. He then had 
to calcúlate the cube root, and increase the result by a tenth, ¡be figure 
that he arrived at corresponded to the spring-hole diameter in daktyls. 
This complicated calculation may be expressed mathematically like lilis: 
Diámetros - L1 3 v(10Ü x weight in minas) 

ThuSj for a stone-projector designed lo throw missiles of 10 minas 
(4.4kg), the spring-diameter was 

1.1 N (100 x 10 ) = 1.1 N ( 1 , 000 ) = 1.1 x 10 = 11 daktyls = 2L2cm 
Philon supplies a lisi equatíng standard missile weights with the 
corresponding spring-diameters, to save bis readers the trouble oí 
calculating complicated cube roots. One or two of bis figures are 
obviously wrong, but the errors can be put down to careless copying of 
the text by batid duríng medieval times. 






























































































PHILON’S STONE-PROJECTOR LIST 


Weight of missile 


Corresponding spring-diameter 

Mínas/talents 

kg 

Daktyls (as per Philon*) 

cm 

10 minas 

4.4 

11.0 (11) 

21.2 

15 minas 

6.5 

12.6 (12%) 

24.3 

20 minas 

87 

13.9 (14[%]) 

26,8 

30 minas 

137 

15.9 (15%) 

307 

50 minas 

21.8 

18.8 ([19%]) 

36.3 

1 talent 

26.2 

19.9 ([21]) 

38.4 

2 talento 

52.4 

25,2 (25) 

48.6 

272 tatents 

65.5 

27.1 (27) 

52.3 


* The figures in brackets are taken from Philon’s text; square brackets indícate 
erroneous figures that have probabiy been corrupted during transmisión 


Ii can immedíately be seen that we are dealing with very lar ge 
spring-diameters, which in turn imply bigger washers. Even Philon’s 
smallest machine had far larger washers iban any of The arrow-firers 
from Ephyra* h seems diat larger washers were made of wood, but they 
were probabiy reinforced with metal, as Heron advises iron-plating any 
points of stress on the machine. 

Of course, larger washers meant larger catapulta For example, a 
euthytone catapult designed to fire a 4ft (L2m) arrow was about 
3.4tn long; such a machine would be classified as a heavy-duty weapon. 
However, a similarly sized stone-projector would only manage a tiny 
2.S*mina (Ikg) stone. Tt could be argtied that the labour and expense of 
building such a Ughtweight stone-projector would have been better 
spent on a 4ft arrow-firer, 

The stone-projector from Alexander to Demetrius 
(Píate C) 

Although Alexander deployed both types of artillery at Halicarnassus 
(334 bc) and Tyre (332 bc), there are no further reporte of stone- 



A scone from the Column of 
M a rcus Aurelius (Rome), The 
wagón is carryircg an object that 
resembles the catapult stand on 
the 'Cupid Gem’, It has been 
suggested that this is a 
disassembled artillery-piece. 

(© Deutsches Archáologisches 
Instituí, Rome) 
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The baítista belonging lo 
the Ernrcine Street Guard 
re-enactment group is roughly 
the size oí a 2%-mlna stone- 
projector This was a lightweíght 
machine, designed for miasiles 
of around Ikg. Phllon says 
that 2-mina machines were 
ideal ly suited to the tight 
confines oí the tunnels used 
in undermining operations* 

(© Ermine Street Guard) 


projectors until the final decade oí the 4th century, when Demetrius 
Políorcetes used them against the Munychia fortifications at Piraeus, 
then at Salarais on Cyprus, and most famously at Rhodes. However, we 
can look to archaeology to fill this 30-year lacuna. 

A cache of stone balls, presumed to he artillen' ammunition, was 
discovered at Salarais on Cyprus, securely dated to 311 tvc by its 
association with Ptolemy’s general, Nicocreon* Out of over 200 balls, 
Marsden published a representative sarnple of 34, of which he placed 
two in the 10-niina category, 11 in the 20-mina category, six in the 
30-mina category, and seven in the 40-mina category* Of course, it would 
have heen practícally im possi ble to make each stone exacüy the desi red 
weight, and each of Marsden’s categories shows sorne variation, as 
we would expect. 

In devising the categories, he was principally guided hy weight 
markings on many of the balls, comprising one or more A symbóls {the 
Greek letter delta ); these represent múltiples of ten (in Greek, deka) in 
the so-called acrophonic system. However, many of the balls would 
appear to be marked mcorrectly. For example, although the heaviesthall 
(35kg) was remarkably accurately coded (AAT, meaning 10 + 10 minas + 
1 talent = 80 minas), the ncxt heaviest, marked AT (70 minas) actually 
weighed only 63 minas (27*5kg), And three balls weighing roughly 15 

minas were each marked 
differently; A, AA, and AII. 
(The las { one was perhaps a 
botched Afl* which would 
actually mean 15.) 

None of this detracts 
i rom the importan ce of the 
Salarais find in confirming 
that, during the last decades 
of the 4th century, stone- 
prqjector ammunition was 
being standardised in 
several difieren t weight- 
classes. Unfortunately, we 
cannot say which calibres 
were favoured at Salarais, as 
details of only 14 per cent 
of the balls were published. 
However, it would appear 
that machines of 10, 15, 20, 
30 and 40 minas were 
cértainiy being cate red for. 


The calibres of 
stone missiles 

It seenis that artillery 
manufacture was put on a 
new r footing at Alexandria 
under the Ptolemíes, and, 
when Philon wrote bis 
Po liorkét ¡ha ( Siegecra jí) i 11 
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The later 3rd century, towns were routinely defended* not on!y by arrow- 
firers, but also by stone-projectors. Four other assemblages of 
stone-projector ammuniüon are kn o wn. 


20 


QUANTITIES OF STONE BALLS, CATEGORISED BY WEIGHT 


Weight 

Rhodes Pergamon 

TeJ Dor 

Carthage 

Weight 

(minas) 

(Greece) 

(Turkey) 

(Israel) 

(Tunisia) 

(kg) 

3.0 



6 


1.3 

5.0 

1 

1 

18 


2.1 

8.0 



11 

900 

3.5 

10.0 

46 


30 


4,4 

12.0 


1 

15 


5.2 

15.0 

56 

1 

23 

3500 

6.6 

18.0 


20 

9 


7.9 

20.0 

36 

67 

9 


8.7 

22.0 



10 

550 

9.6 

25.0 

85 


19 


10.9 

30.0 

83 

118 

23 


13.1 

37.5 


166 



16.4 

40.0 

7 

126 

28 

350 

17.5 

50.0 

7 


12 


21.8 

60.0 

7 

353 

4 


26.2 

65.0 


16 



28,4 

70.0 

5 



300 

30.6 

80.0 

7 




34.9 

90.0 

2 

57 



39.3 

100.0 

4 

6 



43.7 

120.0 


33 



52.4 

150.0 

1 




65,5 

180.0 

1 

2 



78.6 

First, 

353 carefully 

worked 

stones 

found at Rhodes dis 


same acrophonic markings as the Sal amis balls, picked out in red paint, 
but they encompass a much wider range of calibres, In particular, 
bcsides the 10, 15, 20 and 30 mina categórica, a 25-mina category is well 
represemed, accounting for almos! a quarter of the stones, Larger sizes, 
from 40 up to 100 minas (\% talents), increasing in 10-mina increments, 
are each present in smaller quantities, But seven very large stones, 
weighing 214 , 3, 314 , 414 , 6, 7\ and an unwieldy 10 talents, will have been 
for rolling (or perhaps dropping by arañe), if they were intended 
as weapons. As for the others, the variation within each weight class 
is much tighter than in 
the Salamis assemblage, 
and a clear predilection 
for 25- and 30-mioa ammu¬ 
ñí tion can be seen* 

The second collection 
comes from Fergamoo in 
modern-day Turkey, and 
consists of 961 beautifully 
finished balls. These are 
more evenly spread over 
a range of calibres, with 
166 stones represen ting a 


Hundreds of stone balls remain 
uncatalogued at Hatra (Iraq), 
a desert town that was 
unsuccessfuMy besieged by 
the Romans three times. The 
townsfolk are said to have had 
machines that discharged two 
missiles at once. (Author's photo} 













peculiar 3 7 pinina weight class; the two heaviest stones, weighing a 
massive 3 talents, stand at the absolute limit of ballistic capability. 

Over 200 stone balls have come to light at the Hellenistic town of 
Dora (Tel Dor in Israel), and perhaps belonged to the new fortificad ons 
constructed there in the tliird century. Some of the balls were inscribed, 
tliis time following the alphabetic, rather than the acrophonic system, In 
this system, E ( epsilon, the ñfth Greek letter) stands for 5, I (iota, the 
tenth Greek letter) stands for 10, and so on. One ball marked IH (iota 
Ha /10 + 8 minas) weighed 7.7kg, very nearly its marked weight; anoiher, 
marked KR (kappa beta /20 + 2 minas) weighed 9.5kg* The Dora stones 
have heen convincingly divided into 14 groups, ranging ffom a tiny 3 
minas up to 1 tal en t 

Carthage has also produced a quantity of artíllery balls, numhering an 
astonishing 5,600. Again, the dating is uncertain, but they must predate 
the Román destrucdon of the city in 146 BC. Unfortunately, only the haré 
mínimum of detail was recordéd, and the stones were each assigned to 
one of five categoriés: light (2.5—4.5kg), médium (5-7.5kg), médium* 
heavy (9-14kg), heavy (16-26kg), and super-heavy (28.5-4Ü.5kg). 

The smallest calibre of shot mentioned by Philon in his Manufacture of 
missiie weapons (Belopoiika) is 10 minas (4.4kg). This belonged to a 
machine with springs as tall as a man; in operation. it probably required 
clearance of at least 6m from front to back, and 3m ffom side to side, and 
must have weighed well over half a tonne. Of course, it would he a mistake 


Calculated trajectories of a 
30-mina (13kg) stone-protector, The 
máximum range is a oh ie ved with 
a flrlng-angle of 43.5 degrees (D), 
but the missiie is airborne for 9.6 
seconds, during which it will have 
lost almost a third of its energy 
to air resístance, Trajectories C 
(19.8 degrees) and E (60 degrees) 
are of questionable valué for 
similar reasons. Trajectories A 
(5.7 degrees) and B (10 degrees) 
are far more effective: targets 
within 100-170m are hit with 
máximum impact, and with 
only 1 or 2 seconds warning. 

(© D. Baatz] 

A selectlon of tallista balls 
dlscovered in the arsenal at 
Pergamon, demonstrating 
13 different calibres, ranglng 
from 6kg (15 minas) lo 75kg 
(c. 3 talents). The child 
provides an indication of 
soale. {© Antikensammlung, 
Staatliche Museen zu Berlín, 
Preussischer Kulturbesitz) 























lo assume that this sizeable machine was the smallest stone projector in 
general use. Eighteen of the Dora balls belonged to a 5-mina category, 
and single 5-mina stenes were discovered at Rhodes and Pergamon; some 
of tlie 900 iight’ siones from Carthage may welí have been oí ibis size, too. 

ROMAN ARTILLERY: THE REPUBLIC 
AND EARLY EMPIRE 

The legacy of the Greeks 

It is often asserted that, where machinery is concerned, the Romans 
displayed little inventive genios. Vitntvius, the Román architect-engineer 
who wrote a work On architecture (De archiiectura) around 25 rc, laments 
tlte lact that so many of bis sources are Greeks and so few Romans. 
However, the development of water power, for example, shows that the 
Romans were keen to adopt existing Greek technology and apply it in ever 
more ingenióos ways. 

Their acquaintance with artillen/ during the course of the First Punir 
War (264-241 BC) appears to have been brief, and their use of the weapon 
during the Second Punir War (218-201 i«:) was the resuk of confiscation 
rather (han manufacture, Some oí the machines found in Román hands 
were seized from the Carthaginians; for example, their capture of 
Cartagena in 210 bc reportedly brought the Romans a huge hanl of 
war material, induding *120 catapults of the largest sort, 281 smaller unes, 
23 large halhstae, 52 smaller ones, and large and smaU scorpions’, Other 
catapulte were no doubt requisidoned from the Greek towns of Sicily, one 
of tlie main theatres of the m Certainly according to Livy (a cióse 
eontemporary of Vitruvius), the Román capture of Syracuse in 211 bc 



Relíef carving from the 
Sanctuary of Athena at 
Pergamon (Turkey), dating 
from the first half of the 2nd 
century se. The wooden trame 
of an arrow-firing catapult is 
prominsnt in the pile of weapons 
dedicated to the goddess. 

The sculptor has mistakenly 
represented the springs as 
spirals. Two iriasslwe catapult 
arrpws are partially hídden 
behínd the cuirass (bottom 
right). {© Arttikensammlung, 
Staatliche Museen zu Berlín, 
Preussíscher Kulturbesitz) 
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Catapult spring-frame 
disco ve red at Caminreal 
(Teruel) in Spain. The wooden 
trame has perished leaving 
only the iron platíng, which 
was originally attached with 
rivets and large nails. The 
central hele for the slider is 
clearly visible, and the hole 
beneath must ha ve be en 
for the catapult stock. The 
machlne's four washers, each 
with its own cotínter*píate, 
have also survived. (© Museo 
de Teruel; 1,0. no. 8.966) 


brought ‘catapultó and baüistae and all the other equipment of war , 
showing that the town liad remained at tlie forefront of military technology. 

Artillery in the Republlc 

Román stocks of artillen' would have been further replenished with 
the booty from campaigntjig in Greece during wars with Macedón 
(200-196 bc), Sparta (195 bc), and the Aetolian Confederacy (191-189 
bc) * Mural artillery was becomíng increasingly common in towns of the 
Mediterranean world, as engineers took their knowledge wherever people 
could pay for it. Catapultó menüoned on board ships at this time were 
probably supplied by Rhodes and Pergamon, Rome s naval allies agamst 
Macedón, but the ‘catapultó, ballistae, and artillen of all sorts 1 that 
appeared in the triumphal procession of 187 bc in Romc were surely 
booty seized from the Aetolians. 

Román armies cominued to use artillery 7 in a piecemeal fashion, 
generally requisitioning machines whenever necessary, Ii is only with 
the campaigns of Julius Caesar in the 50s bc that we finally gain the 
impression of artillen as standard eqnipment, with at least lightweight 
arrow-firers regularly accompanying the legions. AJthough still chiefly 
used in siege warfare, these weapons fourid more imaginative 
employment in Caesar’s h antis; in defence of camp, for ex ampie, or on 
board ships in support oí amphibious landings. 

it is into this eontext that the most famous artillery find of all 
should be set. In 1912, the complete iron-clad spring-frame of a slightly 
undersized three-span arrow-firer carne to light at Ampurías in Spain, 
More recen dy, an other two spring-frames were discovered ín Spain. The 
first, from Azaila, is apparently now lost, apart from onc washer; the 
spríng-diameter of 9.4cm suggests a four-span machine. The other, from 
Caminreal, is technically a 314-span machine, but the 8.4cm washers are 
slightly too large, and must have been used either in error or out of 
necessity. 

Vitruvius’s arrow-firer 

By the 20s bc, when Vitmvius carne to describe the arrow-firer in bis 




















Román catapult spring-frame, 
depicted orí the tombstone of 
G. Vedennius Moderatus* 
Moderatus served for ten 
years in Legión XVI Galíica , 
before being transferred to the 
Praetorian Guard for a further 
eight years Service. Although 
honourably discharged by the 
Emperor Vespasian, he was 
recalled for another 23 years 
as an engíneering officer in the 
imperial arsenal at fióme. He 
was twioe decorated, and died 
some time between ad 63 
and 96. (© Deutsches 
Archáologisches Instituí, Reme) 


general survev of machínen; one or two significan! changes had been 
made to the oíd euthytone. Of course, in place of the daktyl, Román 
measurements uscd the marginally smaller digit. But, more im portan tly, a 
new Latín vo cabalan was introduced for components that, un til now, had 
been known by Greek ñames* In particular, the spring-diameter, diámetros, 
carne to be known lis the foramen , and the washer (choinix in Greek) was 
now the modioliLs. Also, Latín authors tended to use the collective temí 
tormenta (torsión engines) for artillery, with arrow-firers individually 
designated catapulta? (from the Greek term, katapeltai oxyhdeis ), except for 
small-calibre models, Which evidently attracted the term scorpio (scorpion) * 

Terminology was not the only change. Vitruvius’s text highlights a 
fundamental diíference in the shape and design of the aiTow-firers spring- 
frame. \Vhere Philon’s uprights were 3H spring-diameters high, Vitruvius 
specifies 4 diameters, and where PhilorVs peritreía were 6 % spring-diameters 
long, Vitruvius specifies only 6 diameters* Thus, the Vitruvian spring-frame 
was narrower and taller. The saving in width was achieved by a refinement 
of design, as can be seen in the Ampurias and Caminreal machines. 
Philon’s twin central uprights, which ílanked the syrinx to create a firm 
bond between spring-frame and catapult stock, were removed. In their 
place, Vitruvius*s spring-frame (cabed the capitulum, or ‘capital') had a 
single central upright, with two apertures; one, to allow the slider to mn 
forward, and another below it, which can only have been in tended for 
wedging the syrinx (now called the canaliculus, or "channeP) in place. 

Also, it seems that, through time, the profile of the washers became 
graduaUy higher in relation to the diameter. The type 3 washers from 
Ephyra, for example, are Ü.4 diámetros high; diese are thought to be 
amongst the earliest to use the pin-hole locking System, and could be 3rd 
century bc in date. By contrast, the type 5 Ephyra washers are 0,5 diámetros 
high, as are the slightly larger Ampurias washers; hoth of these are 
presumed to be míd-2nd century bc The Caminreal washers, from the Ist 
century bc, are 0,6 foramen high* like the contemporary Mahdia washers, 
while those found at tire mona, dating a century or so later, are 0*7 foramen 
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Early bow-machines 





















The fortified larmstead at Ephyra 
































The 3-talent stone-projector of Demetrius Poliorcetes 
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D. ROMAN ARTILLERY, c. ad 69 
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The new-style Román arrow-firer 
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The Hatra tallista* c. ad 200 
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high. It is clear that the ratio between spring-diameter and washer height 
was gradúally increasing, so Vitruvius’s springs no longer adhered to 
Philon’s proportions. 

A further development involved the curvtng of the catapultas 
bow-arms, so that, at rest, the tips were further forward tíian their straight- 
arm predecessor. This effectively lucre ased the angle of recoi] from 35 
degrees to 47 degrees, and meant that, on spanning, more energy could 
be stored in the springs. Both of diese changes must have produced a 
more powerful machine* 

Vitruvius’s stone-prajector 

Although Greek authors continued to use the teiiíis lükobolos and 
petroboím, under the Romans the stone-projector beeame known as the 
ballista. For this machine, we are totally reliant on Vunivius's description, 
because archaeology has faílcd lo provide the kind of supplementary 
evidence that has aided the interpretation of the catapulta, This is 
un for túnate, as Vitruvius’s text has suffered badly in transmission, and 
ambiguity surrounds the interpretation of severa! key passages, 

One of thcse passages conceras the correlation of machine size to 
missile weight Like the oíd stone-projector, each individual ballista 


The BBC ballista, a one-talent 
stone-projector built in 20Q2 
under the direction of Alan 
Wjlkins, following Vitruvius's 
specifications. The 26 kg stone 
missile can be seen behind the 
machine. The historian Josephus 
claims a range of 40Qm for this 
ballista , but Philon suggests that 
its effectjve range was nearer 
16Qm. The reconstructed 
machine achieved oniy 90m 
before teething troubles torced 
its retí ral. {© A. Wilkins.) 























Front píate from a catapult 
of Legión lili Macedónica, 
discovered near Cremona. It 
is embossed with an inscription, 
deelaring that it was made 
L in the consulship of Marcus 
Vlnicíus and Taurus Statilius 
Corvmus, during the 
governorship of Gaius Vibius 
Rufinus'. This places Its 
manufacture in ad 45. The 
catapult was still in Service 
24 years later r when It 
appears te have been 
destroyed during the civil 
war of ad 69. (© D. Baatz) 


was tailored to the appropriate missile, and the crucial measurement 
was, of course, üie spring-riiameter. Vitruvius duly lists a series of weights 
in libras (Román pounds), each with a corresponding foramen, However, 
where Philon and Heron quote the Greek conversión formula as the 
source of their measurements, Vitruvius claims that he drew his infor- 
mation from personal experíence and from his teachers, supplemented 
with calculations 'made by the Greeks bm converted to the Román System \ 

Scholars have often thought ¡t curious that Vitruvius h s weights are 
pairedwith much smaller spring-diameters than the Greek formula would 
suggest. Drachmann pointed lo Vitruvius’s recommendation of 10-digit 
(185mm) springs fora 20-pound (6.55kg) missile; Philon would have used 
12/a-dactyl (24Gmm) springs for the same weight (15 minas). Drachmann 
reaüsed that there wcre three possible explanations for this: perhaps 
Vitruvius was mistaken; or the Romans used under-powered machines; or 
their springs wcre somehow more efficient. He decided that, since ihe 
Román author Heron quoted the same Greek formula as Philon, it must 
still have applied in Román times, and the fault must lie with Vitruvius* 
Bnt, of course, Heron was simply quoting the work of Ctesibius, from the 
days before even Philon; his catapuhs were of Greek, not Román, design. 
EquaUy, Vitruvius is unlikely to have made such a fundamental error 
as quoting dimensions in digiti (16ths of a foot) when he meant unciae 
(12ths of a foot), as Marsden suggested. And, since it is unthinkable that 
the Romans would have been satisfied with under-powered machines, it 
seems that their baüistae really were more efficient than rhe oíd stone- 
projectors of the Greeks, How was this achieved? 

Apart from possible improvements in spring material, about 
which we know very little, greater efficiency could have come from an 
increase in springvolume, Vitruvius’s description shows that the tallistas 
spring-frame was built to roughly the same proportions as the oíd 
stone-pro-jector s, bm there is good reason to suppose that tbe springs 
were thicken 

In his description of the pmtrétan (which, for lile tallista alone, he also 
calis the scutula, or ‘diamond 5 ), Vitruvius claims that the spring-hole 
should be oval rather than circular, and that the amount of elongación 
should offset the area occupied by the washer’s lever (epizygis). However, 
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Schramm pointed out that an oval spring-hole would make it imponible 
Lo Lurn the washer and twist the torsion-spring; he suggested that it 
was the upper rim of the washer that was ova], the lower rim remaining 
circular. Although this would be difficult to manufacture, the design 
makes perfect sense; in the standard cylindrical washer, the presence of 
the lever across the upper rim restricts the amount of spring-cord that can 
be torced through the spring-hole; in cffcct, diere will always be a vacan t 
space beneath the leven But, by splaying the washer intemally, the space 
occupied by the lever can be reclaimed and the spring-hole can be 
endrely filled with spring-cord, 

It would seem, then, that more densely paeked spring-cord allowed 
Román engineers to build smaller tallista# for heavier missiles. The largesi 
tallista in regular Román Service was probably the 80-pounder, which shol 
a 26kg rnissile. This was equivalent to the old-style 1-talent stone-projector, 
for which the Greek formula gives a diámetros of 20 daktyls (38.5cni). 
(Philon’s text actually reads KA, or kappa alphaf 20 + 1 in the alphabetic 
sysiem, which may have been an attempt to slightly increase the size of this 
heavy-duty machine.) At any rate, its springs were 3.47m liígh, its stock 
over 7m long, and the distance from the tip of one arm to the tip of the 
other wel! over 5 m. By eontrast, Vitruvius gives his machine a foramen oí 
\l¥i digits (32.4cm), which results in springs only 2.82m hígh, and a 
machine whose overall size was a metre smaller than Philon’s in length 
and width. 


Catapult arrowheads with tangs 
for insertion mto the arrow 
shaft are less common than 
the sooketed variety. These 
exampies from Oasr Ibrim 
(Egypt) date from the late 
Ist century bc; their length 
(c. 40mm tip) and weight (c. 15g) 
are not excessive, but their 
piramidal points suggest 
artillery projectiles. it is 
presumed that the tang was 
fitted ínto a short, hardwood 
foreshaft, which was then 
attached to a longer shaft of soft 
wood. {© The Brítish Museum} 


Artillery in the early Empire (Píate D) 

The historian Josephus, writing about Rome’s Jewish War (Bellum 
Judaicum) around ad 75, describes the artillen of the imperial legions in 
action. In ad 67, no iewer than 160 catapulta were deployed, alongside 
archers and slingers, for the future emperor Vespasianas assault on 
J o tapa t a, These included arrow-firers shooting incendiary missiles, and 
massive 1 -talen t (2tíkg) stone-projectors. The latter perhaps belonged to 
Legión X Fretensis, which famously besieged Masada in ad 74. That 
legión’s one-talent machines were apparendy the largest hall i star at 
Jerusalem, during the siege of AD 70. Josephus claims that the huge white 
tallista balls had to be blackened, so that the defenders could not track 
their long approach and take evasive action, 

During the civil war that broughl Vespasian to the ihrone, his 
encones deployed artillery for the night barde outside Cremona in AD 
69, The writer Tac i tus’s story of how two soldiers ni a n age d to disable a 
large stone-projector is one oí rile last explicit referentes to the stone- 










throwing bullista. Bul more graphical evidente oí the battle comes from 
the archaeological remains. A1I eiglit washers and two front shields (one 
very fragmentary) from two arrow-firers wcrc discovered in a pit near 
the battíefield, where they had perhaps been hidden by scavengers. 
The foramina of the washers indícate a 3-span machiné and a larger one 
of around 2Xft. 


Wooden toreshaft (c, 13cm) 
for a catapult arrow (Qasr 
íbrlm, Egypt). WiruJ tunnel 
tests indícate that, fitted with 
an arrowhead, thís object would 
haue performed well as a short 
crossbow quarrel. However, 
studying similar hardwood 
objects from Haltern (Germany), 
Schramm suggested that they 
vuere components of composite 
arrow-shafts. Fitted with a 
tanged arrowhead, the fúreshaft 
could be slotted intq a longer 
soft-wood shaft, just like 
the more familiar socketed 
arrowheads. (© The 
Brítish Museum) 


Román artillery missiles 

The disdncüve socketed arrowheads with square-sectioned pyramidal 
points» like those discovered at Ephyra, are fairly common finds amongst 
Román militar)' equipment, and are usually considered to denote 
catapult missiles. Certainly, they are ideally suited to siiding along the 
groove of a catapult, and their aerodynamic properties make them 
perfect for high-velocity flight Nevertheless, it has been noted that, far 
from automatically indicating artillery, such míssile-heads could quite 
easily have come from lightweight spears and javelins. 

If they are indeéd to be interpreted as catapult missiles, the range 
ofsizés represented ought Lo denote difidentes in calibre. Il is thought 
that the head generally accounted for around M& of the entire missile, 
and the total icngtli was, of course, directly related to the size of catapult. 
Thus, the lOcm arrowhead from Ephyra probably belongéd to a 2KII 
(77cm) arrow, which would have weighed around 20()g. According to 
the okl Greek formula, a stoneqprojector with an 8.5cm spring-diameter 
(the same as a 2¿4ft arrow-firer) used a much heavier missile of 290g; but 
the shorter spriugs of the arrow-firer stored only about 70 per cent of the 
energy stored by the stone-projector’s springs, thus accounting for the 
lighter arrow. 

Few collections of tallista halls from the Román era have been 
studied. And, as with the pyramidal arrowheads, an alternadve function 
has been suggested for boulders found on military sites; it is well known 
that the anden ts often resorted to throwing rounded stones by hand, so 
wc should be wary of interpreting every example as a tallista hall. Twenty 
stone halls were recoveréd from the site óf Numantia, besieged by the 
Romans in 133 Bt:, and another 15 from the legionary fonress pf Cáceres 
in Spain, which was probably occupied throughout the 80s m:. Half a 
dozen have come from Alesia, the scene of Caesar's síege in 52 bc, and 
the siege site of Rumswark in Scodand has produced 11, which may have 
been deposited at any time from the mid“2nd century AD to the early 
3rd. Tn addition, isolated examples are common across the Empire. 

Better evidence might be expected from the known siege sites of the 
jewish War period (An ftb-74), sevcral of which remained undisturbed 
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un til módem times. Certainlv, Gamala, besieged by the Romans in AD 67, 
has produced over 2,000 ballista balls that cluster, surprisingly, around 3 or 
4kg. By contrast, at Jotapata, taken by siege same months earlier, only 
a few dozen balls have come to light, none heavier than 2kg. And lleldwork 
at Machaerus, besieged in AD 71, tumed up only 20-odd stone balls ranging 
in weight from 295g to l.25kg, with single examples of 2.7, 4.0, and a 
massive 90kg. The hundreds oí ballista balls reponed ai Masada by the 
excavator Yigael Yadin held out hope of a colleetion to compare with the 
earlier enes from Rhodes and Pergamon. However, only 50 of them, 
averaging l-2kg, were subjectecl to detailed aualysís; larger sizes ranging up 
to 26kg might have been expected. Finally, around 200 ballista balls were 
apparcntly recovered from the vicinity of Herod’s palace injemsalem; it is 
thought thai eight weight categorías may be representad, from 0.5kg 
(roughly libra) up to 26kg (80 libras) , huí details reinain unavailable. 


A scene from Trajan 1 * Column 
(Roma), showing a catapult 
mounted in a two-wheeled 
cari. This is thought to be the 
carroballista mentíoned by the 
late Román writer Vegetius. it ts 
not known precisely how the 
catapult was mounted in the 
cari, ñor whether it was really 
intended to fire over the heads 
of the mules, as depicted here. 
Curiously, artillery was not 
widely used on the battlefield 
and mobility does not appear 
to have been a major concern. 
(C. Cíchorius, Die Reliefs dar 
Traianssáute, Berlín, 1900) 


THE ROMAN ARTILLERY REVOLUTION 


The iron-f ramed arrow-firer (Piale E} 

It was long ago realised that the catapulta depicted on Trajans Column 
differed noticeably from those on earlier relief sculpture. The column’s 
great spiral frieze depicte the events of Trajan’s Dacian Wars (AD 101-2 
and 105-6), and was sculpted during the period prior to its official 
dedication in AD 113. Thus the new design of catapult musí have been 
introduced before that date. 

Schramm believed thai Trajan’s catapulte differed from earlier 
machines in only one respect, namely that the torsíon-sp rings were 
apparently enclosed in weatherproof cylinders. But it was lefi to Marsden 
to elucídate the true nature of the redesign, which involved nothing less 
than the abandonment of ihc oíd euthytone design, last glimpsed on the 
Vedenn ius tombstone of the AD 8Os or 90s. Henceforth, the arrow-firer 
















would háve sepárate spríngs, like Lhe palintone stone-projector, and it 
duly became known, somewhat confusingly, as a ballista. 

Heron’s cheirobaííistra 

The clue to the ídentity of the new arrowíiring haílista lies in a dark and 
difficult Greek text eniitled *Construetion and dimensions of Heron's 
cheirobaííistra. lis dating is not certain, though scholars have generally 
been at pains to diss ocíate it from the lst-century Heron of Alcxandria. 
(The author is sometimes dubbed Pseudo-Heron to emphasise this.) 
The argument rests chiefly on the grounds that, as the machine only 
appears after ad 100, a Neronian engineer cannot have written about it, 
and it must be admitted that lhe chronology would be a little dght. 

The importance of the text rests upon Marsdeifs realisaüon that 
liie machine it describes, lhe cheirobaUistra or ‘hand tallista (the Latín 
form, manuballistOt is found elsewhere), closely resembles the artille 17 
depicted on Trajan s Column. The text actually consists of a list of 
component parts with their dimensions, rather than proper assembly 
instructions. In summary, diere is a stock, comprising the familiar pipe 
and slider, and incorporating a crescent-shaped fitting at the rear; a 
trigger mechanism, ñtted to the slider; a pair ot iraníes called kambestria 
(Marsden *s Tield-frames’); four washers with levers; two strute, one 
arched { havianon) and one laddered (klimakion ); and two bow-arms. 

Marsden real ised that each kambestnon, comprising two i ron rings 
held apart hy two iron postó, was intended Lo huid a torsion-sprmg, just 
líke the individual spríngs of the palintone stone-projector (Like 
Schramm, he enclosed each spring in a thin metal cylinder, but the 
sculptural evidence of Trajan’s Column is ambiguous on this point.) 
Marsden further reasoned that the two struts, the kamanon and klimakion, 
took the place of the wooden framework of the stone-projector, and were 
in tended to link the two kambestria. In fact, the strutó each termínate in 
a pair of brackets, whose forked ends are the same distance apart as the 
iron uprights of the kambestria. Marsden cleverly drew the conclusión 
that diese brackets were in tended to grip the Tield-frames 1 at the top 
and bottom, and hold them in place. 

A1I of tile components are reasonably easily deciphered, at least 
with the benefit of Marsden'’s anales, yet the desígn of the cheirobaííistra 
remains controversia!. A stríct reading of the text resultó in a very small 
machine, as befitó a hand weapon, For example, the stock measures 


The 460mm ash-wood bailista 
bolt from Dura Europos (Syria) 
tapera from a dtameter of 
30mm at the rear to 14mm 
where it enters the socketed 
iron head; the pyremida] point 
is 46mm long. The missile was 
designad for tha new arrow-firing 
haílista, and has completaly 
different proportions from 
earliar catapult arrows. 
fts taparing proflle and 
armour-piaroing tip tnake it a 
destructivo weapon. {© Vale 
University Art Gallery) 
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roughly one metre in length; che field-frames, 20.6cm high (1 VA daktyls) 
with a S.7 citi (2 daktyls) spring-hole, are set 43.5cm (Ift. 7!4daktyls) apart; 
the bow-arms are onlv 20.4c m long (11 daktyls); and the washers have a 
dny spring-diameter of 2*5cm ( VA daktyls). 

AJthoiigh no components mátching the diménsions in ¡lie text 
have ever been found, small torsion-powered hand weapons are known 
to have existed in the ancient world, The type 6 washer from Ephyra 
has an inner diameter of 3.4cm; two slightly larger examples have 
been discovered in Britain, one from Elginhaugh (S.ñcm) and the 
other from Bath (4.0cm); and two late Román examples were found 
ai Volubilis in Morocco (4*1 and 4.4cm). Nevertheless, successive 
commentators have tried to enlarge various components to make a 
full-sized catapult, although it seeins obvious that the cheiroballislra was 
a hand-held weapon. In particular, the crescent-shaped fitting at 
the rear of the stock served the same parpóse as the stomach-rest of the 
oíd gastmphetes. 

The design of fhe arrow-flring ttallista; 
the field-frames 

Marsden did not líve to see the archaeological confirmation oí his 
conjectures* In fact, over the last 30 years, largely due to the efforts 
of the Germán seholar Dietwulf Raatz, parts from iron-frámed 
catapults have gradually come to light from several late-Roman siles* 
Unfortunately, none exactly matches the minuscule dimensions of 
the cheimballistm, bul the same basic design can be discerned, enlarged 
inte a full-size catapult. 

Compared with the ckeimhallütra , the three kambestria found at 
Cornea (Romanía) are shorter (13.3, 14.4, 14.6cm), bul have wider 
spring-holes (5.4, 5.9, 5.4cm); the single kambestrion from Lyon (France) 
is much taller (32.5cm) and wider (spring-hole approx. 9cm); the one 
from Or^ova (Rumania) iseven taller (36cm) butnarrower (spring-hole 
7.9cm); and ihc one from Sala (Morocco) is taller still (37*4cm; spring- 
hole 8cm). It seeins that, whereas the old-style catapults maintained a 
basic relationship between spring-height and diameter, the same cannot 
be said for the new-style íron-framed machines. 


The spring-frame of Heron's 
cheírobalffstra, folio wing the 
dimensions in the text. It is 
□ften stated that the washers 
(inner diameter 25 mm) are 
too small for an effective 
weapon, and several scholars 
have made amendments to the 
text in order to create a larger 
machine. (Author’s drawing) 












































Of course, the kambestrion do es not te II the whole story. The washers, 
sittingat either end, increased ihe over al 1 spring-height and determined 
ihe spring-diameter. li must be remembered that the old-style bullista s 
spring-hole was reccssed to rece ive the washer, and consequen dy 
had the same spring-diameter; by contrast, the new-style bullista s 
washer sat within the kambestrion s spring-hole, with the result that 
the spring-diameter was smaller than the spring-hole. This is best 
illustrated by ihe Lyon kambestrion, which still has iis original washers: 
the spring-hole is roughly 9cm in diame ter, but the inner di ameter 
of the washers (and henee the spring-diameter) is only 7,5cm. 
Purthermore, the washers are roughly 6cm liigh, making the total 
spring he iglú 44>5cm, equivalen t to almost six s p ri ng-d iameters. By 
eontrast, the cheiroballistra washers sit 2.9cm ( VA * daktyls) above the 
kambestrion, , giving a spring-height of 26,4cm, which is more than ten 
spri n g-di ¿mi e ters. 



The destgrt of the arrow-f¡ring bullista: 
the spring-frame 

Se ve ral individual washers are known from late con texis, but they tell 
us little without their associated kambestria. A difierent association 
existe at Orsova, where the kambestrion was found with a kamarian, the 
long arched strut that conneeted the tops of the field-frames. Again, 
this component is far larger than the ene in Heron’s cheiroballistra 
text The strut has suffered damage at both ends, but enough survives 
to conllrm that the forks of each bracket wcre about 18cm apart. As 
the kambestrion is 17.5cm wide, and could comfortably be gripped by 
the kamarion , it seems fairly likely that the two components 
belong togéthen 

The Or§ova combi¬ 
na! ion produces a very 
Low r frame, with a width- 
to-height ratio of more 
than 3:1, whereas the one 
described in the dmrobal- 
listra text is only 2:1. Did 
a difieren t set of pro- 
portions apply to the 
stand-mounted versión of 
the machine? Marsden 
had decided to double the 
height of the chdrobalUstm 
field-frames, in the heltef 
that the machine’s pro- 
portions should resemble 
those oí' its Vitruvian pre- 
decessors as far as possible. 

However, Baatz largely 
restored the original dim- 
ensions, and explained 
the wide frame as an aid 
to obscrving potential tar- 
get$, In addi don, it solved 


The kambestrion ("field trame’) 
díscovered at Lyon (France) 
may welt date from the battle 
between Emperor Septimius 
Severos and the pretender 
Clodius Albinus in ad 19?, Apart 
from the associated washers and 
levers» rio other catapult parts 
survived. The upper and lower 
struts of the spring-frame would 
have slotted Into the crudeJy 
made brackets projectíng from 
either si de of the tambes frión, 
and were perhaps wedged in 
place. (© Musóe de la 
civilisation gallo-romaine, Lyon) 
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a serious problem of the Vitruvian design, namelv the possi bility of thc 
arrow ricocheting ofifthe wooden uprights during its passage through the 
narrow gap ( dioptra) in tlie spring-frame. 


The stone-projecting tallista (Píate F) 

It is usually assumed that (he stone-projecting bullista continued in 
operation, although Tacitus, writing around AD 100, is the last to 
mention ít by ñame. No stone-projectors appear on Trajan’s Column, 
and the Hadrianic writer Arrian simply calis his stone-projectors 
'machines 1 ( méchanai ). 



The remains of a medium-sized catapuli found in the ruins oí 
Hatra (Iraq) have been hailed as evidente of the stone-projecting 
tallista in the early 3rd century ad. However, the discoverv has 
presen ted scholars with something oí a puzzle. Only the 2mm-thick 
bronze plating for the spring-frame survived, where the cátapult 
had toppled forwards onto the ground (see drawing on p.45); the 
wooden stock and stand had long since dísappeared, but three of 
the four washers survived. These were of such robust construcción 
that, when he studied the finds in 1975, Baatz considerad them to 
have come from a medium-sized stone*projeetor He duly reconstructed 
the machine, albeit tentatively, as a varíant form of Vitruvius’s 
10 -pound tallista. 

Baatz noted the wide-set springs and the un usually squat frame. 
However, the semicircular cut-outs on ihe sidc uprights defied all expla- 
nation at the time. Although similar to the cut-outs in tlie Vitravian tallista, 
they are clearty ín the wrong place, facing inwards instead of backwards. 
But, ií their parpóse is the same - namely, to provide fi ce space so that 
the anns do not hit the wooden upright - then it would seem that 

the arm& of the Hatra 
tallista were arranged in a 
different manner from 
those of the Vi tr avian 
tallista. In fací, thc peculiar 
design of sprijlg-franie only 
makes sen se with interior- 
swinging arms. 

The idea of ínterior- 
swinging arms is not a 
new onc, but it has never 
achieved wide acceptancc, 
no doubt owing to the 
lack of a full-size replica 
to demónstrate the practi- 
calities. The aetion, though 
unfamiliar, is straight- 
forward. When at rest, 
the arms project forwards. 
On spanning, they are 
drawn back through the 
wide empty Ira me; in the 
process üiey ti a ve l th roítgh 
an are approximately twice 


For hls reconstruction of an 
iron-framed balíista, Alan Wilkins 
used the proportions of the 
ch&irobaflistra spring-frame; 
but ha increased the machinéis 
power by almost doubling the 
washers 1 inner diameter to 
4.9cm and lengthening the 
bow-arms to 33.7cm. The 
resulting machine can punch a 
hele in Smm sheet Steel from a 
tfistance of 50m, using a replica 
of the Dura bolt. (© A. Wilkins) 
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as long as the Yitruvian palintone, storing doiible the energy* On release, 
the arms spring forward until stopped by the bowstring; as ín earlier pal- 
internes, the arms do nqt hit the Érame uprights, bul swing into the free 
space created by the eut-outs. 

The Spanish scholar Aitor Iriarte has observad that the cutouts 
perfecüy echo ihe same feature on the iron-iramed tallista, which may 
suggest ihat the se, too, had interíor-swinging arms. This is certainly lile 
opinión of the Brirish scholar Michael Lewís, who has even qhestioned 
tile identification of the Hatra machine as a stone-projecior, suggesdng 
that it was in fact a heavy-duty arrowTner. Clearly, there remains 
much work to he done in siudying later Román artillen. 


The kamarion [arched strut'J 
from Or^ova (Romanía). This 
is from a much largor machine 
than the one described in the 
c heirobalüstra text p where 
this componente main stretch 
mea su res only 43.5cm 
(Ift Th dactyls), npt including 
the forked bracket at each end. 
By contraat, the corresponding 
stretch on the Or^ova axampie 
is a massive 1.25m. (© D. Baatz) 


The stone-projeefing onager (Píate G) 

The soldier and writer Ammianus Marcellinus is a particularly valuable 
source, as he witnessed many momentous events in the third quarter of 
the 4th century ad. In a well-known digression, he attempts to describe 
the siege-machinery and artülery of bis own day, with varying success; 
although his description of the tallista is incomprehensible, his remarks 
on the one-armed stone-projector are fairly clear (though still vague 
enough to have spawned three different reconsiructions), 

In short, a single lorsion-spring was mounted transversely in a 
recumbent timber Érame. A single, wooden arm was slotted into the 
spring halfway along, so that it stood upright and travelled in a vertical 
are; a sling attached to its free end released a stone when the arm 
reached the top of the are. Ammianus daims that the machine was 
ealled the onager, or wild ass, because it kicked up stones; previo usly, il 
had beén known as the scorpio (scorpion), no doubt because of the 
resemb lance between the upright arm and the scorpion’s taik (li ts 
clear that, across the centunes, artillery terminology gradually changed, 
for in Vitruvius’s day the scorpio was a light-ealibre arrow-firer.) 

In the absence of a bow-string, which arrested the arm movement in 
the traditional two-armed catapult, this machine required a padded 
bufFer to stop the arm. Ammianus writes that, in from of the wooden 
st rué tu re [the onager ], a huge bufFer is spread out: namely, a sack stuffed 
with fme chaff, seeured with strong binding, and located on heaped 
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up turves or piles of biieks.' Marsden was misled by the philologist 
Rudoif Schneider into believing that the entire machine sat on a pile 
of turf or bricks; it seems, however, that Ammianus meant the buffet 
alone was raised up in this way. This perhaps applied only lo the larger 
machines, such as the one that famously misfired at Maozamalcha in 
AD 363, crushing the chief artilleryman with its stone* 

A turf buffet would have been a liahility whenever the onager liad 
to be moved. Yet, Ammianus memions no such upheaval in connection 
with the nocturnal redeployment of four machines at Amida in 
ad 359 . In fact, for lighter models, the design proposed by Napoleón II Es 
general, Verchére de Reffye, wnuld have been quíte suitable; by 
incorporating a sepárate timber-framed buffer, this design reduced the 
ove rail weight of the onager and increased íts manoeuvrability. 

In practical tests using miniature models, Michael Lewis demonstrated 
the superiority of a forward-sloping buffer over the more familiar vertical 
one. He was also able to establish that the length of the sling liad a real 
bearing on Uie range of the missile, and that, far ffom simply lobbing 
stones in a high are, the sling could be set to release its rmsstle in a Hat, 
direct trajectory. Modem commentators often assume that the onager 
represented a decline in ancient artillery, but they are confusing simplicity 
witli clumsiness. In fact, it seems Lo have been an efficient and easily 
operated machine, and the single torsiomspring removed the need, 
intrinsic to two-armed catapulta, for fine-tuning and balancing a pair of 
springs. 


CONCLUSION 


A number of uncertain lies still sur round the subject of ancient artillery, 
and a new generation of scholars is currently at work to solve 
them, but the bread outlines are fairly clcar. Tn 1930, Sir William 
Tarn felt justified in writing that 'no improvements, except in 
details, were eveif made upon the catapulte of Demetrias* time’, and 
as recetuly as 1972 one critic could claim that, *under the Romans, 
there were few genuine improvements in construction and effideney’. 
On the comrary, it is clear that the catapult continued to develop 
and improve in its various forms, from the 4rh century BC right up to 
the 4th century ad. 
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On© oI the washer© belonging to 
the Hatra tallista, complete with 
counter-plate. The washer (inner 
diameter 16cm) has 10 locking 
boles around the flange, while 
the counter-plate has eight. 
Notable features oí the washer 
are the remforcing riba bcnoath 
the position of the lever, where 
considerable pressure could be 
expected. {© D. Baatz) 
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COLOUR PLATE COMMENTARY 


A. EARLY BOW-M ACHIN ES 

By the early years of the 4th century bc, severa! variations 
of the gastraphetes were probably already known. They 
were powered by large composite bows r which consisted of 
a wooden core sandwiched between a fayer of horn and 
a layer of sinew. When the bow was bent, prior to firing 
fhe shot r the sinew along the back (the si de of the bow 
facing away from the archer) stretched, while the horn along 
the belly (facing the archer) was compressed; on ralease, 
each element snapped back to its original State, powerfully 
propelling the arrow forwards, 

Besides the original hand-held gastraphetés , the 
machines shown are the ‘mountain 1 versión, presumably for 
use over rugged terrain, and the twin-bore versión, both 
created by Zopyrus. The description of Biton, a later writer 
based in Pergamon, has been followed closely to give an 
alternativo reconstruction to those of Schramm and Marsden. 

B. THE FORTIFIED FARMSTEAD AT EPHYRA 

The fortífied Greek farmstead at Ephyra produced finds of 
agr i cultural and woodworking tools, and the six ground-floor 
storage rooms were filfed with jars of beans and cernáis. 
However, the most stríking finds were the 21 catapult 
washers and 27 iron missile-heads that must have fallen from 
an upper storey when the Romans destroyed the place in 
167 bc. 

The machine shown here is the largest of the Ephyra 
catapulte: a 4ft arrow-firer, designad to shoot a missiie 1.22m 
long. The shallow profile of the bronze washers suggests a 
fairly early date, perhaps around 225 bc, and the machine has 
been reconstructed according to the instructions of Philon. 

C. THE 3-TALENT STONE-PRÜJECTOR OF DEMETRIOS 
POLIORCETES 

Diodorus claims that, when Demetrius besieged Salamis 
(Cyprus) in 307 bc, his 40m siege-tower contai ned stone- 
projectors in the lower storeys, The largest of these were 
apparently 3-talent machines, Based on a spring-día meter of 
56cm, these rare machines must have been enormous. 
Mathematical caloulation suggests that they could reach 
180m with a direct shot, corroborating a similar claim made 
by a later Román author named Athenaeus. 


The constructional detaífs of the stone-projectors 
spring-frame were worked out by Schramm, but the stand 
remains conjectural, Such a bulky machine cannot have been 
manoeuv rabie and will have had no need of a tilt-and-swivel 
base, The massíve weight of the pull-back system probably 
required triple-haui pulley blocks, and the winch has been 
extended to allow a crew of nine to opérate ¡t. Just how the 
crew got the 78kg stone balts onto the machine’s slider 
remains a mystery, 

D. ROMAN ARTILLERY, c . AD 69 

tn October ad 69, Román forces drew up artillery along the 
road at Cremona to halt the advance of a rival army. The 
historian Tacitus mentrons a large stone-projecting baiiista , and 
are haeolog real remains of arrow-firing catapultae have been 
found in the neighbourhood. 

The machines depicted here follow the descriptions of 
Vitruvius as far as possible. The balíista is a medium-heavy 
40pounder with 24cm-diameter springs, Some details 
remain controversia!, such as Vitruvius’s omission of the ¡ong, 
diagonal support struts that He ron mentions. Ukewise, the 
arrow-firers follow Vítruvlus’s description and differ from 
eariier models in their taller springs and curved bow-arms. 
The reconstruction incorporates the archaeolpgical evidence 
of washers and front-platos found at the site. 

E, THE NEW-STYLE ROMÁN ARROW-FIRER 

The iron-framed baiiista first appears on Trajan's Coiumn, 
where one scene depiets the machine on a timber platform 
and surrounded by a timber construction. It is thought 
that this scene represents a responso to the vulnerability of 
artillery-crews, Housing the baiiista in a protected emplace- 
ment would have provided the twin necessities of a firm base 
for the machine, and a shelter from the elements as well as 
from enemy fire, Although the late writer Vegetius claims 
that each machine was ser ved by a crew of 11, the Traja n’s 
Coiumn scene depiets only two meo, probably representing 
a gunner and a loader. The machine is based on a scaled-up 
versión of the chai roba!fistra, incorporating dimensions 
from the Lyon torsion-spring. The stand and winch are 
conjectural. 







The shape of the Hatra tallista'* 
spring-frame is preserved by 
the 2mm-thick bronze sheeting 
which originally c ove red it, 
and the unique corner-pieces. 

AH four washers are shown 
in their original posltions* 
[Author's drawing) 
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ABOVE The Ermíne Street Guard's reconatruction of a 
small únager follows the design proposed by Sir Ralph 
Payne-Gallvwey. The machine is only fired in demonstrations 
using wooden mis si les, so its potential has never 
been testad. (© Ermine Street Guard) 


BELGW The onager built by Verchére de Reffye, one of 
Napoleón IH's generala, (Ilústrate* the most efficient deaign 
for this machine* The arm inoorporated an adjustable pin, 
onto which the shng was fastened; this would have enabled 
variations In missile traiectory. (Author’s collection) 
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Inscription from High Rochester 
(Northumberland), record íng 
repaír work to a J ballis(ta^íum) , 
around ad 235. For a long tíme 
sehoíars interpretad this as 
an artillery píatform 1 , but It 
was probably a storehouse 
or workshop for catapults. 
Whenever needed, the machines 
would Nave been deployed 
under cover in tower chambers. 
(J. C. Bruce, Lapidarium 
Septentrionales London, 1875} 


F. THE HATRA BALLtSTA t c. AD 200 

Only the bronze cladding of the spring-frame, along with a 
unique set of eight cast bronze córner fittings, remain from 
the Hatra batlista, along with four counter-p lates and three 
of the four washers. There is no evidence to suggest what 
the rest of the machine looked like, although it must have 
been a large catapult and r as such, would have sat on a firm 
timber stand. 

The size of the washers, by far the iargest ever found, 
and their robust construction, have led to the suggestion that 
the machine was a stone-projector, albeit a líghtweight one 
(c. 3.5kg). The wide-set springs and empty frame can have 
had no other purpose than to allow interior-swinging arms, an 
arrangement which has certain implications for the design of 
the stock. For exampie, the forward swing of the arms 
requires that the stock must project well beyond the front of 
the spring-frame, in order to support the slider while the 
trigger catches the bowstring. 

G. THE ONAGER 

AJthough there are hints that it existed earlier, the onager is 
first described in ad 359 by Ammianus Marcellinus. Like other 
catapulte, it would have come in various sizes, and smaller 


versións would have been easily transported by gangs of 
artilferymen. Again, like earlier stone-projectors, they could 
be equally as effective agaínst enemy siege-machinery as 
agains! personnel; stones fired by onagri at Amida are said 
to have crushed enemy heads. 

The machine depicted here is based around a 5ücm-thick 
torsion-spring, which ought to be sufficiently powerfui to fire 
stone bails weighing 1 talen! (26kg). The arm wiil have hit the 
buffer with considerable forcé, and the turf banking was 
design ed to absorb the impací. It was perhaps a machine of 
this size that Ammianus was describing when he said ít 
required eight strong men to winch down the arm; the Ermine 
Street Guard’s onager. by contrast, can be winched by two 
men. Ammianus^ description is fairly vague, so many of the 
details remain conjectural. 

A scene from Trajan's Colunnn (Rome), showmq an 
íron-framed tallista mounted on a timber platform, 

Unlike artillery of the gunpowder age, catapults produce 
no notieeable recoíl, as there was no explosivo charge. 

The supposition that heavíer catapults had to be sited 
on a resiiient platform is a popular misconceptíon- 
(G. Cichorius, Die Relíete der Traianssáute, Berlín, 1900) 
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The catapult (katapeltikon) was 
invented under the patronage 
of Dionysius I, tyrant of Syracuse, 
in the 4th century bc, At first 
only the arrow-firing variant was 
used, and it was not until the 
reign of Alexander the Great that 
stone-projecting catapults were 
introduced, The Romans adopted 
these weapons during the Punic 
Wars and further developed 
them, before introducing the 
new arrow-flring bullista and 
stone-throwing onager. This title 
traces the often controversia! 
design, development and 
construction of these weapons 
throughout the history of the 
dassical world. 
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